Wave solutions to the linearized, quasi-hydrostatic equations for adiabatic, nonviscous flow on an equatorially oriented beta plane are obtained. The basic current is assumed to be zonal and invariant in both space and time. Only solutions for which the meridional wind component is symmetric with respect to the equator are considered. Disturbances with wavelengths on the order of 103 km. are found to be very nearly nondivergent. The solutions show the meridional wind component to be very nearly geostrophic even at very low latitudes. The perturbation of the zonal wind, however, is highly ageostrophic at the very low latitudes and significantly ageostrophic even in subtropical latitudes.
INTRODUCTION
Charney's [3] scale analysis predicts that nonviscous, adiabatic, synoptic-scale atmospheric motions near the equator should be very nearly nondivergent and, therefore, adequately described by the conservation of absolute vorticity. In the present study, such motions are examined in terms of certain wave solutions obtained from the linearized , quasi-hydrostatic equations for adiabatic, nonviscous flow on a beta plane.
Aside from the assumptions cited above, the basic current is taken to be zonal and invariant in both space and t,ime. The discussion, therefore, pertains only to existing perturbations and provides no information concerning the manner in which they originate. It is not claimed that the theory is applicable to observed equatorial wave motions such as those described by Palmer [6] . It is quite likely that the latter are significantly affected by the release of latent heat and by quasi-barotropic instabilities due to meridional shears of the basic current. However, as will be seen later, there is a fairly reasonable superficial resemblance between the structure of the observed and theoretical waves.
Previous theoretical studies of disturbances in equatorial latitudes have assumed the flow to be nondivergent [lo] or have simplified the problem through specification of one of the velocity components [7, 111. Freeman and Graves [4] make both of these simplifications. Neither is included in the model developed below. On the other hand, Rosenthal [7] and Sherman [I 11 allowed the basic current to vary with latitude; this is not done here.
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Here, t is time, x is zonal distance, y is meridional distance measured positive northward from the equator, p is pressure, u* is the zonal wind component, v* is the meridional wind component, W* is the p-system vertical motion, 4* is the geopotential of isobaric surfaces, is the static stability, B=-"aconstant andf is the Coriolis parameter.
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The dependent variables are written, u*=U+u(x, y, p, t ) , U=a constant
o*=w(x, Y, p, t>
+*=ay/, P)+4(X, Y, P, t> (8) and
The variables, u, v, W, 4 are perturbation quantities.
Since the base state must satisfy the governing equations,
SOLUTION OF THE PERTURBATION EQUATIONS
The equations which govern nonviscous, adiabatic, we find quasi-hydrostatic, beta plane flow are, and, upon integration, du* du* du* at ax by dP bX pyv*+-=o, (1) "fu* -+v* "$-w*" &*
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Substitution of (5), (6), (7), and (8) into (l), (2) , (3), and (4), and utilization of (9) and (10) yields, after lineariza-where tion by the usual technique,
From (26), (27), (28), and (29), we obtain 
where AI is a pure internal gravity wave which propagates rapidly westward relative to the basic current. A2 is an inertia-gravity wave which propagates rapidly eastward relative to the basic current. A3 is also an inertia-gravity wave. However, its propagation relative to the basic current is westward at approximately the Rossby rate of AND=p/k2 (it is shown in the appendix that A3 reduces to AND if the motion studied here is constrained to be nondivergent). According to Palmer's [6] observations, the motion of equatorial waves relative to the basic current is small and, therefore, we assume A3 to be the meteorologically significant root.
Equation ( The disturbances, therefore, propagate westward at a speed which exceeds that of the basic current but which is less than would be the case for nondivergent flow. The distribution of convergence and divergence must then be such that westward relative motion is retarded. This implies convergence to the east of zones of cyclonic relative vorticity and divergence to the west of such regions. The reverse is true of zones of anticyclonic relative vorticity and the rule is equally valid in both the Northern and Southern
Hemispheres and for easterly and westerly basic currents. Table 2 gives I@[max as a function of wavelength for a = 3 m.t.s., v0=5 m. sec.", n=l and n=2. The values are found to be extremely small. Although, as mentioned in the previous section, the divergence found in this model is basically different from that of Charney's [3] discussion, our results do confirm Charney's conclusion that it is necessary to include precipitation and the release of latent heat in order to obtain realistic vertical motion and divergence at equatorial latitudes. Table 2 also shows the divergence increases in magnitude as the wavelength increases. This confirms our conclusions based on a discussion of the frequency equation in the previous section. It also emphasizes the different nature of the divergence of this model and that of Charney's model (also mentioned in section 2).
from (45) and (46). This quantity reaches its.maximum amplitude at the equator. Values of I P Jmax are given by table 3; the ratio I@)lmax/l { lmax is shown by table 4. We find the relative vorticity to have an order of magnitude which is meteorologically significant and which is large compared to that of the divergence. Relative to the Palmer waves [6] , the model vorticity is of the correct order of magnitude. However, the Palmer waves, which typically have a wavelength of about 2000 km., show divergences on the order of sec.". Hence, the model divergence is small compared to that of the Palmer waves. The latter, therefore, should probably be attributed to the release of latent heat in regions of organized convection associated with the waves.
It is of interest to examine the extent to which the perturbation-velocity components are in geostrophic equilibrium. For this purpose, we define the following ratios: ponent of the perturbation motion is very nearly in geostrophic equilibrium even at very low latitudes. The behavior of the asymmetrical (u) perturbation component is quite different. Ro, tends to infinity as the equator is approached. Table   6 shows that u is markedly ageostrophic even in subtropical latitudes.
The fact that the meridional wind component of our model is very nearly in geostrophic equilibrium helps to explain the different behaviors of the divergence of this model and that of Charney 131. According to Charney's theory, the horizontal acceleration balances the horizontal pressure-gradient force. The horizontal temperature gradients needed to estimate the vertical motion and divergence are, therefore, computed from vertical shears of the horizontal acceleration. In the model developed here, where j ( 0 'V) is the amplitude of j "I--and pv is the amplitude of pV. Values of this ratio for L=2000 km., n = l and L=5000 km., n=2 are listed by table 7. With L=2000 km., n=1, we find, as predicted by Charney [3] , that the divergence term in the vorticity equation is negligible at very low latitudes. On the other hand, with L=5000 km., n=2, this term becomes significant within 5" to 10" lat. of the equator.
We now turn to a description of some synoptic aspects of the theoretical disturbances. Since the motion is very nearly nondivergent, it is convenient and appropriate to introduce a stream function. From the Helmholtz theorem, -20.
-sout and Lows centered asymmetrically at some distance from the equator.
The amplitude of the pressure-height perturbation is only a few meters and, therefore, if waves of this type were to exist in the real atmosphere, the variability of pressure-height associated with them would probably go undetected. The total-stream function and pressure-height (figs. 3 and 4, respectively), which consists of the sums of the perturbation and base-state quantities (with v= -7.5 m. sec.") shows some resemblance to the streamlines and pressure patterns of Palmer's [6] empirical model (see his figs. 8 and 9) .
The 1000-mb. fields of perturbation-relative vorticity and divergence are shown, respectively, by figures 5 and 6. Positive relative vorticity corresponds to counterclockwise turning and, hence, to cyclonic relative vorticity in the Northern Hemisphere and anticyclonic relative vorticity in the Southern Hemisphere. The reverse is true for negative relative vorticity.
Thus, as would be expected from our comparison of the perturbation-stream function with the perturbation pressure-height, cyclonic relative vorticity is associated with low perturbation pressureheight and the reverse is true for anticyclonic relative vorticity.
Everywhere, except at the equator itself, convergence occurs to the east of cyclonic relative vorticity and divergence occurs to the east of anticyclonic relative vorticity ( fig. 6 ). This is consistent with the distribution of convergence and divergence previously deduced from the -frequency equation. The spatial distribution of convergence and divergence is in good agreement with that of Palmer's empirical model ([6] fig. IO) , however the magnitudes given by the theory are far too small.
CONCLUSIONS
In equatorial lat.it.udes, nonviscous, adiabatic perturbations superimposed upon an invariant basic current are very nearly nondivergent provided that the wavelength is of the order lo3 km. and the meridional wind component is symmetric with respect to t>he equator. Also, the meridional wind componenb will be very nearly geostrophic even a t very low latitudes. I n these circumstances, the zonal component of the perturbation wind will be asymmetric with respect to the equator and highly ageostrophic in equatorial latitudes.
The order of magnitude of the relative vorticity obtained from the theory is in agreement with that of observed equatorial disturba.nces as described by Palmer [6] . The order of magnit>ude of the divergence given by the model is quite small compared to that. found empirically by Palmer [6] . This result, taken toget,her with Charney's [3] work, would seem to indicate that' models of equatorial flow must ta.ke, into account the latent heating produced by organized convection in order to provide realistic vertical motions and divergences.
The amplitude of the geopotential perturbation given by the theory is extremely small; with present standards of observation in equatorial lat,itudes, i t would probably be undetectable. As is the case in higher latitudes, the model shows cyclonic flow to be associated with low geopotential and the reverse to be true of anticyclonic flow. provided that, y is not allowed to approach infinity. From 
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